Purpose: To evaluate the corneal pachymetric and topographic parameters of systemic Lupus Erythematosus (SLE) patients using Dual Scheimpflug Imaging. Methods: This observational cross-sectional controlled study included the right eye of 30 SLE patients and 30 age-matched controls. Corneal measurements were acquired by dual Scheimpflug imaging including anterior and posterior corneal curvatures, central, midperipheral corneal thickness (measured at the 5 mm zone) and peripheral pachymetry (measured at the 7 mm zone). SLE disease activity index (SLEDAI) was calculated and correlated with corneal pachymetry. Results: SLE patients had significantly thicker corneal periphery than controls. Mean central corneal pachymetry was 530.4± 27.3 microns (SD) in SLE and 547.5±31.5 microns (SD) in control group, p = 0.032. The corneal periphery -except superiorly -was significantly thicker in SLE patients than controls (p ˂0.001). Nasal peripheral corneal thickness positively correlated with disease activity index SLEDAI (p=0.03). Conclusion: SLE patients present with thicker corneal periphery than controls characteristically sparing the superior quadrant. Possible corneal photosensitivity leading to peripheral immune complex deposition as well as flatter posterior corneal surface at the periphery are proposed explanations for these findings.
Systemic Lupus Erythematosus (SLE) is a chronic, autoimmune, multiple organ system connective tissue disease with a relapsing remitting course. The disease usually starts around late teens to early forties with females being affected 9 times more than males. The disease course and outcome vary between industrialized and developing countries. 1, 2 Around one third of SLE patients develop ocular manifestations. 3 Keratoconjunctivitis sicca is the most common ocular manifestation of SLE, with its hallmark being decreased production of the aqueous layer of the tear film. Other more serious ocular manifestations include episcleritis, scleritis, retinal vasculitis (which is frequently associated with CNS lupus) and papillitis. 3, 4 The corneal affection in SLE may occur secondary to keratoconjunctivitis sicca as corneal epitheliopathy, filamentary keratitis, scarring and ulceration. Rarely, peripheral ulcerative keratitis (which can be a marker of active systemic vasculitis), interstitial keratitis as well as endotheliitis (dysfunctional appearing corneal endothelial cells) were reported to occur in SLE patients.
Corneal biomechanical properties were reported to differ in SLE. In a study done by Yazici et al in 2011 found corneal hysteresis and corneal resistance factor to be lower in SLE patients than controls as measured by Reichert ocular response analyzer ORA (Reichert Ophthalmic Instruments, Buffalo, NY, USA). This could lead to underestimated IOP. Some authors relate the development of keratoconus to certain immune disorders as well. 7, 8 Having reviewed these studies, the authors found there was little information concerning the cornea as a refractive structure in lupus patients. Thus, this study examines the possibility of 'corneal parameter changes' in active lupus patients using one of the currently most reliable techniques for corneal evaluation; the Dual Scheimpflug Imaging.
Lupus patients are also well known to have photosensitivity. Exposure to sunlight not only triggers the characteristic skin rash, but also triggers systemic disease activity such as fatigue and arthralgia. 9 Being an ultraviolet ray (UVR) sensitive structure in normal subjects, it is not yet known whether the cornea of lupus patients would react to sunlight exposure in a different or exaggerated pattern than normal subjects or not.
Lupus patients with refractive errors may also demand to do LASIK or other refractive procedures. The ophthalmologist should be acquainted with possible corneal pachymetric and topographic changes; to be able to make surgical decisions or recommendations.
Patients and Methods
The study was performed following the tenets of the Declaration of Helsinki. A verbal informed consent was obtained from all contributing subjects and was approved by the ethics committee of the Ophthalmology department, Cairo University.
This cross-sectional controlled study took place between May 2017 and June 2018 at the Ophthalmology department, Cairo University. Egypt. SLE patients were consecutively recruited from the Rheumatology and rehabilitation Department, Cairo University. Control subjects included patients coming to the ophthalmology outpatient clinic for routine eye checkup and some volunteering relatives of patients who had no ocular complaint. The rheumatology department receives around 8 new SLE patients per month, besides old follow up cases. Patients confirmed to have SLE according to the revised American College of Rheumatology (ACR) diagnostic criteria for SLE 10 were included in the study.
We included the right eye in all patients for statistical analysis. Initially, the authors examined 46 cases of active SLE; of which sixteen cases were later excluded from the study during the examination process. Seven patients had severe dry eye which would have affected the Scheimpflug image quality, 2 had steroid-induced glaucoma, 3 were cognitively impaired due to CNS lupus and thus could not provide a valid consent and four were contact lens wearers. Finally, the study included 30 eyes of 30 patients with active SLE and 30 eyes of 30 age and sex-matched controls.
Exclusion criteria included severe dry eye (Schirmer test less than 5 mm), history of ocular trauma or surgery, contact lens use, any corneal infiltration seen by slit-lamp examination, glaucoma, diabetes mellitus and any refractive error > ±4 D spherical equivalent (to avoid possible corneal thickness changes with refractive error)
Examination
The age, gender and the duration of disease for all patients were recorded. Systemic lupus disease activity index (SLEDAI) was assessed by consultants from the rheumatology department one day prior to ophthalmic evaluation. Based on the SLEDAI score, disease activity was categorized as follows: no activity (SLEDAI 0), mild activity (SLEDAI 1-5), moderate activity (SLEDAI 6-10), high activity (SLEDAI [11] [12] [13] [14] [15] [16] [17] [18] [19] , and very high activity (SLEDAI ≥ 20).
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Ophthalmologic Examination
All subjects underwent a detailed ophthalmic examination including a medical history review and best-corrected visual acuity (BCVA) using Snellen chart. The anterior segment was examined by slit-lamp biomicroscopy. Intraocular pressure (IOP) was measured using Goldmann applanation tonometry. The fundus was examined with a 90D lens, and any pathologic retinal findings were recorded.
Dry Eye Evaluation and Scheimpflug Imaging
Evaluation of dry eye was performed prior to Scheimpflug imaging to prevent inaccurate pachymetric measurements. 12 Corneal fluorescein staining was evaluated under cobalt blue light after fluorescein instillation. Subsequently, Schirmer's test was performed with topical anesthesia. Two minutes after one drop of proparacaine 0.5% was instilled, a Schirmer's test strip was placed at the lower lid margin's outer third. After 5 min, the strip was removed, and the wet portion measured in millimeters. According to Schirmer test score, eyes with severe dry eye (less than 5 mm of wetting) were excluded from the study in order not to affect pachymetric measurements.
Corneal parameters were then examined. To avoid possible diurnal variation in corneal measurements, corneal imaging was performed within the same time interval (from 11 am to 1 pm), and at a temperature that ranged from 23 to 27°C and relative humidity of 30% to 45%. 13 Corneal parameters were evaluated with Sirius camera (Costruzione Strumenti Oftalmici; CSO, Florence, Italy, CSO, Sirius) which uses a combination of a Placido disk and a rotating Scheimpflug camera to measure corneal curvature and the corneal thickness across the whole cornea. Eyes of all contributing subjects were scanned by the same experienced and masked ophthalmologist. The measurement automatically started when correct alignment and focus of the eyes were achieved.
The corneal parameters of SLE group and control group were recorded. These included: central average pachymetry (central corneal thickness CCT), thinnest pachymetry (thinnest location), mid-peripheral corneal thickness (measured at the 5 mm zone) as well as peripheral corneal thickness (measured at the 7 mm zone) in microns. Mid-peripheral as well as peripheral corneal thickness were taken at the superior, inferior, nasal and temporal points, at 12, 6, 3 and 9 O'clock positions. Anterior and posterior corneal power at the flatter (K1, rf) and the steeper (K2, rs) corneal meridia were also recorded for each subject.
Statistical Analysis
Data were statistically described in terms of mean±standard deviation (± SD), median and range, or frequencies (number of cases) and percentages when appropriate. Comparison of numerical variables between the study groups was done using Student t-test for independent samples. For comparing gender, Chi-square (χ 2 ) test was performed. Correlation between SLEDAI and various variables was done using Spearman rank correlation equation. P values less than 0.05 were considered statistically significant. All statistical calculations were done using computer program IBM SPSS (Statistical Package for the Social Science; IBM Corp, Armonk, NY, USA) release 22 for Microsoft Windows.
Results
Descriptive and Comparative Statistics
Duration, Age and Sex Distribution 60 subjects were enrolled in this study, 30 in the SLE (study) group, and 30 in the control group. The mean duration of SLE in the study group was 6.8±5.4 years.
Mean age in the SLE group was 30.2 ± 9.1 SD, while in the control group it was 34.2 ± 9 SD. The difference in age was not statistically significant (p= 0.1).
In the SLE group, 83.33% were females while 16.66% were males. In the Control group, 76.66% were females and 23.33% were males. The difference in sex distribution among the two groups was not statistically significant.
Ophthalmologic Examination
Seven eyes among the examined patients had cataract (23.3%). One patient with retinal vasculitis (3.3%). As regards dry eye, 8 eyes (26.6%) showed moderate dryness and 22 eyes had mild dryness (73.3%) according to schirmer's test.
Average and Thinnest Central Pachymetry
The mean average central corneal thickness (CCT) in the SLE group was 530.4± 27.3 microns, while in the control group it was 547.5±31.5 microns. The difference between both groups was statistically significant; with SLE patients having thinner average central pachymetry (p=0.032). The average thinnest pachymetry was 525.45 ± 30.25 microns in the SLE group and 544.03 ± 31.2 microns in the control group. The difference was again statistically significant (p= 0.025). Logistic regression was done to adjust for gender as a possible confounder in comparison between cases and control regarding CCT, the p value was found to be statistically insignificant (p=0.09).
Anterior and Posterior Corneal Curvatures (D)
The For the posterior corneal curvature (in diopters), the flat (K1/rf) and steep (K2/rs) meridian within the 8 mm zone were measured. A statistically significant difference was found between the two groups with SLE patients having flatter posterior corneal surface than controls (Table 1) . P value was 0.03 for the flat meridian (K1), and 0.02 for the steep (K2) meridian. 
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The corneal topographic shape was as follows: 16 regular corneas, 9 symmetric bow tie, and 5 asymmetric bow tie patterns. No specific shape abnormalities were detected.
Corneal Thickness at Mid Periphery
In the SLE group: The mean corneal thickness at the superior mid-peripheral (SM) point was 611± 35.2 microns, nasal mid periphery (NM) was 586.9±39.1 microns, inferior mid periphery (IM) was 577.7±37.6 microns, and the temporal mid periphery (TM) was 571.9±38 microns.
In the control group: The mean corneal mid-peripheral thickness at SM point was 596.9±34.5 microns, NM was 579.2±32.9 microns, IM was 573.2±29.7 microns, and TM was 576.9±39 microns ( Table 2) .
The difference between corresponding mid-peripheral points in both groups was statistically non-significant: SM (p=0.13), NM (p=0.41), IM (p=0.61), and TM (P=0.62) respectively. 
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Corneal Thickness at Periphery
In the SLE Group The mean corneal thickness at the superior peripheral (SP) point was 666.6± 49 microns, nasal periphery (NP) was 686.7 ±45.3 microns, inferior periphery (IP) was 679.1±41.3 microns, and the temporal periphery (TP) was 661±43.6 microns.
In the Control Group
The mean corneal peripheral thickness at SP point was 658.3±38.9 microns, NP was 631.6±36.9 microns, IP was 619.9±32.9 microns, and TP was 633.4±42.9 microns. The difference between the mean peripheral thickness at corresponding superior points was statistically nonsignificant (p= 0.47), while the difference between corresponding points in the nasal, inferior and temporal periphery was all statistically highly significant: NP (p<0.001), IP (p<0.001), and TP (P=0.018) respectively, with SLE patients having significantly thicker corneal periphery than controls (Table 2 ). This was still highly significant after sex adjustment between SLE patients and controls NP (p<0.001), IP (p<0.001) and TP (p=0.02).
Best-Corrected Visual Acuity BCVA
In the SLE group, the mean BCVA was 0.66±0.2 while in the control group it was 0.82±0.1. Mean BCVA was lower in the SLE group than in the control group, P=0.002.
Correlation Between Studied Variables and Disease Activity
A positive correlation of high statistical significance was found between the corneal thickness at the nasal periphery and the disease activity SLEDAI score (r = 0.4, p= 0.03). Another positive correlation (r = 0.3) was found between the nasal mid-peripheral corneal thickness and the SLEDAI score. However, this correlation was not statistically significant (p=0.09). The latter findings highlight the presence of peripheral nasal corneal thickening which may correlate with disease activity in SLE patients. The authors noted progressively higher peripheral nasal thickness readings with higher SLEDAI scores as seen in (Figure 1 ) and this was a consistent finding (Table 3) .
Discussion
Corneal changes in systemic disease have generally been little studied. It is expected that, being made primarily of type 1 collagen, the corneal stroma, would be affected by connective tissue diseases (CTDs) 14, 15 In our study, we found that SLE patients have statistically significant thinner central corneal pachymetry as well as lower thinnest pachymetry when compared to normal subjects. This significance decreased after adjustment for sex as females tend to have thinner corneal thickness, and lupus is a disease with female predilection. This relative central thinning, however, can be explained by the fact that pathologically CTDs are suggested to be a local antigenantibody reaction that triggers a number of cellular and biochemical responses, resulting in lysis of corneal collagen and subsequent corneal thinning. 15 However, we cannot exclude other contributing factors as the pathogenesis of SLE is complex, multi-factorial and not yet fully understood. 16 In the current study, the authors found statistically significant peripheral corneal thickening in the nasal, inferior and temporal quadrants when compared to controls. The difference was still significant even after gender adjustment. Nevertheless, there was no significant difference in peripheral corneal thickness in the superior quadrant between the two groups. The authors were intrigued by this finding, while other studies support the fact that peripheral corneal thickening may occur in SLE, they mostly explain this finding by immune complex deposition at the conjunctival, limbal and ciliary body blood vessels as well as at the basement membrane of the cornea. 17 The authors agree with the theory of autoantibodies formation in SLE and the subsequent immune complex deposition which takes place at the corneal periphery causing subsequent thickening. However, this does not explain why the superior corneal periphery was "selectively spared" from this peripheral thickening. In their own theory, the authors postulate that corneal peripheral thickening could partially be a reaction to UVR as part of the general photosensitivity that happens with SLE. The upper part of the corneal being always "covered by the upper eye lid" could be relatively protected from direct sunlight and thus UVR exposure. In their theory, the authors built on the observation that pterygium -for exampleoccurs almost always nasally and is also postulated to be related to UVR exposure despite having a totally different pathogenesis than that of SLE. [18] [19] [20] Statistically significant flatter posterior corneal surface was also found in our SLE patients in the 8mm zone. It is not known, however, if this finding is a cause or a result of the peripheral corneal thickening we found in this study. Whether this peripheral posterior corneal flattening was due to immune complex deposition that pushed the posterior corneal surface backwards, or it is primarily related to the pathogenesis of disease and contributed -as a causative factor -to the peripheral corneal thickening is a point that needs further research.
In this study, the nasal peripheral corneal thickness significantly correlated with systemic disease activity as indicated by the SLEDAI score.
No significant anterior corneal curvature changes were found in our study as opposed to patients with systemic sclerosis who were found to have steeper corneas than normal subjects. 21 Similar to our study, Gunes A et al found significantly decreased mean CCT and mean corneal volume when compared to healthy controls in patients with ankylosing spondylitis (AS). The same authors reported significantly thinner central pachymetry and increased peripheral thickness in patients with rheumatoid arthritis (RA). 22, 23 For better understanding of the changes in corneal biomechanics, it is important to correlate them with pachymetry. Kazutaka et al in an earlier study showed that corneas with thinner CCT exhibit lower corneal hysteresis. 24 Moreover, Yazici et al in a recent study found that corneal hysteresis (CH) and corneal resistance factor (CRF) were significantly lower in SLE patients than in a control group. 7 Building on these findings, our results can be used for future studies to understand the change in biomechanical properties in SLE patients.
In conclusion, the cornea being a structure rich in collagen is especially vulnerable to connective tissue disease. Central corneal thinning seems to be a common finding between SLE, AS, and RA, whereas peripheral corneal thickening may be unique to SLE. The nasal peripheral thickness is positively correlated to systemic disease activity.
If -by future larger studies -this correlation proved to have high specificity, it could accordingly be used to confirm disease activity. Based on the authors proposed theory of corneal photosensitivity in SLE patients, it could be beneficial and advisable for lupus patients to wear sunglasses with high UV protection during times of sunlight exposure. Our reported corneal parameter changes should be taken into consideration when consulting with SLE patients who come for refractive surgery. They should also be taken into consideration when performing ORA in SLE patients who are glaucoma suspects, as corneal thinning may give lower intraocular pressure readings.
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